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(54) METHOD OF MANUFACTURING POLYMER OPTICAL WAVEGUIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of manufacturing a polymer optical 
waveguide of smaller waveguide loss at low cost and by a simple process. 
SOLUTION: The method of the manufacturing polymer optical waveguide which has one, two 
or more start points of the waveguide and a plurality of end points of the waveguide all along 
the same straight line comprises: a step of producing a mold by cutting or punching the side 
which does not constitute the waveguide through the same straight line so as to expose a 
recess corresponding to a protrusion formed on a die; a step of bringing a clad base material 
whose contact with the mold is excellent into close contact with the mold; a step of turning the 
recess on a start point side or an end point side exposed by cutting or punching to a resin 
input part, bringing the curable resin into contact and making the curable resin infiltrate into 
the recess of the mold by capillarity; a step of curing the curable resin 6 which is made to 
infiltrate; and a step of simultaneously cutting a clad substrate where a core part and a clad 
layer are formed along the same straight line. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is a manufacturing method of a polymer light guide which has one or more starting points of 
a waveguide, and one or more terminal points of all of a waveguide along the same straight 
line, 

So that it may exfoliate after forming a layer of an elastomer for mold formation in the surface 
of original recording in which heights equivalent to a core part were formed, and a mold may 
be taken and a crevice corresponding to said heights subsequently to said mold formed may 
be exposed, A process of producing a mold by forming a side which is not a waveguide via 
said same straight line, A process which sticks a clad base material with good adhesion with 
this mold to a field which has a crevice of said mold, Hardening resin is contacted by making 
an exposed crevice by the side of said formed starting point or a terminal point into a resin 
input part, A manufacturing method of a polymer light guide including a process of cutting at 
once a cladding substrate in which a process which makes this hardening resin advancing into 
a crevice of said mold according to capillarity, a process which stiffens hardening resin made 
advancing, a core part, and a cladding layer were formed along said same straight line. 
[Claim 2] 

A manufacturing method of the polymer light guide according to claim 1 accumulating two or 
more cladding substrates in which said core part and a cladding layer were formed so that said 
same straight line may gather in each, and cutting at once along this same straight line. 
[Claim 3] 

In addition to an exposed crevice by the side of said formed starting point and a terminal point, 
from a field of a clad base material of said mold, and an opposite hand of a field to which it is 
made to stick, After having provided a penetrating port so that it might be open for free 
passage to said crevice, making a crevice by the side of a resin input control port, said 
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exposed starting point, and a terminal point into a resin outputting part for this penetrating port 
and making hardening resin advance, A manufacturing method of the polymer light guide 
according to claim 1 performing a process which makes said hardening resin advance into a 
crevice of a mold according to capillarity by inserting a resin extrusion member in said resin 
input control port to the depth which subtracted height measurement of said heights from 
thickness of a mold. 
[Claim 4] 

A manufacturing method of the polymer light guide according to claim 3 accumulating two or 
more cladding substrates in which said core part and a cladding layer were formed so that said 
same straight line may gather in each, and cutting at once along this same straight line. 
[Claim 5] 

When a waveguide has branched in addition to an exposed crevice by the side of said formed 
starting point and a terminal point, From a field of a clad base material of said mold, and an 
opposite hand of a field to which it is made to stick, a penetrating port is provided so that it may 
be open for free passage into the whole mixing portion of branching of said crevice, After 
making a crevice by the side of a resin input control port, said exposed starting point, and a 
terminal point into a resin outputting part for this penetrating port and making hardening resin 
advance, A manufacturing method of the polymer light guide according to claim 1 performing a 
process which makes said hardening resin advance into a crevice of a mold according to 
capillarity by inserting a resin extrusion member in said resin input control port to the depth 
which subtracted height measurement of said heights from thickness of a mold. 
[Claim 6] 

A manufacturing method of the polymer light guide according to claim 5 accumulating two or 
more cladding substrates in which said core part and a cladding layer were formed so that said 
same straight line may gather in each, and cutting at once along this same straight line. 
[Claim 7] 

A manufacturing method of the polymer light guide according to claim 5 inserting in said resin 
input control port in a process which makes said hardening resin advance into a crevice of a 
mold according to capillarity so that a tip may stick a diffusion board to a clad base material. 
[Claim 8] 

In a process which makes said hardening resin advance into a crevice of a mold according to 
capillarity, A manufacturing method of the polymer light guide according to claim 5 inserting a 
light guide plate with equal core part and refractive index in said resin input control port still 
more equally [ a size of the path of insertion ] to height of said heights so that a tip may stick to 
a clad base material. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacturing method for manufacturing the optical waveguide, 

especially a flexible polymer light guide, by low cost. 

[0002] 

[Description of the Prior Art] 

(1) film is impregnated with a monomer as a manufacturing method of a polymers waveguide, 
How (selective polymerization method) to expose a core part selectively, to change a refractive 
index, and to paste a film together, (2) How to form a clad part after applying a core layer and 
a cladding layer using reactive ion etching (the RIE method), (3) Use the ultraviolet curing resin 
which added a photosensitive material into a polymer material, The method (the photograph 
breeching method) of exposing a core part and changing the refractive index of a core part, 
etc. are proposed after applying the method (the direct exposing method) of using the 
photolithographic method exposed and developed, the method of using (4) injection molding, 
(5) core layers, and a cladding layer. 
[0003] 

However, as for a selective polymerization method of (1), there is a problem in the lamination 
of a film, and since the photolithographic method is used for the method of of (2) and (3), it 
becomes a high cost. The method of (4) has a technical problem in the accuracy of a core 
diameter, and (5) has the technical problem that sufficient refractive index difference cannot be 
taken. Now, although the practical method excellent in the performance target is only the 
method of of (2) and (3), it is not a thing suitable for every art forming a polymers waveguide in 
a flexible plastics base material with a large area. 
[0004] 
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Although the pattern substrate (clad) in which the pattern of the slot used as a capillary tube 
was formed as a method of manufacturing a polymer light guide is filled up with the polymer 
precursor material for cores, postcure is carried out, a core layer is made and the method of 
pasting a planar substrate (clad) together to the surface is known, By this method, as a result 
of filling up with polymer precursor material thinly also between a pattern substrate and a 
planar substrate, being extensively hardened by only the capillary tube slot and forming the 
film of the same presentation as a core layer in it, there was a problem that light will be 
revealed through this film. 
[0005] 

As one of the methods of solving, this problem the DEBITTO heart, The manufacturing method 
of the polymer light guide manufactured by sticking the pattern substrate and plate with which 
the pattern of the slot used as a capillary tube was formed with the jig for a clamp, making it 
decompress, and making a capillary tube fill up with a monomer solution is proposed (for 
example, refer to patent documents 1). 
[0006] 

However, if this method does not make it stick that it is monotonous using a clamp, it cannot 
be impregnated with a monomer solution besides a core part, and it cannot form precise 
waveguiding structure, but is a complicated method, When polymerizing a monomer solution 
and polymers-izing (solidification), the volume change was caused, and there was a fault that 
the shape of a core changed. Since the polymers and the capillary tube in which the monomer 
solution polymerized had pasted up selectively when removing a capillary tube, it also had the 
fault of breaking down core shape. 
[0007] 

George M. Whitesides and others of Harvard University has advocated the method of a 
capillary tube micro mold as one of the soft lithography recently about the new technology 
which makes nano structure. This makes a master substrate using photo lithography, and 
copies nano structure from a master substrate to the mold of PDMS using the adhesion of poly 
dimethylsiloxane (PDMS), and easy detachability, It is a method which slushes fluid polymer 
into this mold and it is made to solidify using capillarity (for example, refer to nonpatent 
literature 1). 
[0008] 

Kim Enoch and others of the group of George M. Whitesides of above-mentioned Harvard 
University applies for the patent about the capillary tube micro mold method (for example, refer 
to patent documents 2). 
[0009] 

However, like the core part of an optical waveguide, when a cross-section area is small, a 
manufacturing method given in this patent requires time for forming a core part, and is not 
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suitable for mass production. When a monomer solution reacted and solidified, the volume 
change was caused, the shape of the core changed, and there was a fault that transmission 
loss (waveguide loss) became large. 
[0010] 

This invention persons by duplicate manufacture of the polymers waveguide using capillarity 
already. In [ although core shape was maintained with high precision and the method of 
manufacturing a polymer light guide with little insertion loss there being little waveguide loss is 
proposed (for example, refer to patent documents 3) ] this method, Since ultraviolet curing 
resin or heat-curing resin used as a core will be in the state of effluence from the entrance and 
exit of resin, in order to realize a mirror plane with few losses, end face processing, such as 
grinding in addition to cutting or it, is needed. This processing was needed about all the 
entrances and exits, and there was a case where the process of performing a plan substitute 
occurred each time. 
[0011] 

[Patent documents 1] 

The patent No. 3151364 specification 

[Patent documents 2] 

U.S. Pat. No. 6355198 specification 

[Patent documents 3] 

The application-for-patent No. 187473 [ 2002 to ] specification 
[Nonpatent literature 1] 

SCIENTIFIC AMERICAN September 2001 (the Nikkei Science December, 2001 item) 
[0012] 

[Problem(s) to be Solved by the Invention] 

An object of this invention is to solve the problem of the above-mentioned conventional 
technology. 

Namely, this invention aims at offer of the manufacturing method of a polymer light guide with 

little waveguide loss by low cost by a simple method. 

[0013] 

[Means for Solving the Problem] 

An aforementioned problem is attained by the following this inventions. As a concrete method, 
core shape is maintained with high precision using capillarity which this invention persons have 
proposed, and waveguide loss finds out a method of reducing especially processes of 
operation about a method of manufacturing a polymer light guide with little insertion loss few. 
[0014] 

Namely, this invention, 

<1> It is a manufacturing method of a polymer light guide which has one or more starting 
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points of a waveguide, and two or more terminal points of all of a waveguide along the same 
straight line, So that it may exfoliate after forming a layer of an elastomer for mold formation in 
the surface of original recording in which heights equivalent to a core part were formed, and a 
mold may be taken and a crevice corresponding to said heights subsequently to said mold 
formed may be exposed, A process of producing a mold by forming a side which is not a 
waveguide via said same straight line, A process which sticks a clad base material with good 
adhesion with this mold to a field which has a crevice of said mold, Hardening resin is 
contacted by making an exposed crevice by the side of said formed starting point or a terminal 
point into a resin input part, It is a manufacturing method of a polymer light guide including a 
process of cutting at once a cladding substrate in which a process which makes this hardening 
resin advancing into a crevice of said mold according to capillarity, a process which stiffens 
hardening resin made advancing, a core part, and a cladding layer were formed along said 
same straight line. 
[0015] 

<2> It is a manufacturing method of a polymer light guide given in <1> accumulating two or 
more cladding substrates in which said core part and a cladding layer were formed so that said 
same straight line may gather in each, and cutting them at once along this same straight line. 
[0016] 

<3> In addition to an exposed crevice by the side of said formed starting point and a terminal 
point, from a field of a clad base material of said mold, and an opposite hand of a field to which 
it is made to stick, After having provided a penetrating port so that it might be open for free 
passage to said crevice, making a crevice by the side of a resin input control port, said 
exposed starting point, and a terminal point into a resin outputting part for this penetrating port 
and making hardening resin advance, It is a manufacturing method of a polymer light guide 
given in <1> performing a process which makes said hardening resin advance into a crevice of 
a mold according to capillarity by inserting a resin extrusion member in said resin input control 
port to the depth which subtracted height measurement of said heights from thickness of a 
mold. 
[0017] 

<4> It is a manufacturing method of a polymer light guide given in <3> accumulating two or 
more cladding substrates in which said core part and a cladding layer were formed so that said 
same straight line may gather in each, and cutting them at once along this same straight line. 
[0018] 

<5> When a waveguide has branched in addition to an exposed crevice by the side of said 
formed starting point and a terminal point, From a field of a clad base material of said mold, 
and an opposite hand of a field to which it is made to stick, a penetrating port is provided so 
that it may be open for free passage into the whole mixing portion of branching of said crevice, 
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After making a crevice by the side of a resin input control port, said exposed starting point, and 
a terminal point into a resin outputting part for this penetrating port and making hardening resin 
advance, It is a manufacturing method of a polymer light guide given in <1> performing a 
process which makes said hardening resin advance into a crevice of a mold according to 
capillarity by inserting a resin extrusion member in said resin input control port to the depth 
which subtracted height measurement of said heights from thickness of a mold. 
[0019] 

<6> It is a manufacturing method of a polymer light guide given in <5> accumulating two or 
more cladding substrates in which said core part and a cladding layer were formed so that said 
same straight line may gather in each, and cutting them at once along this same straight line. 
[0020] 

<7> In a process which makes said hardening resin advance into a crevice of a mold 
according to capillarity, it is a manufacturing method of a polymer light guide given in <5> 
inserting in said resin input control port so that a tip may stick a diffusion board to a clad base 
material. 
[0021] 

<8> In a process which makes said hardening resin advance into a crevice of a mold 
according to capillarity, It is a manufacturing method of a polymer light guide given in <5> 
inserting a light guide plate with equal core part and refractive index in said resin input control 
port still more equally [ a size of the path of insertion ] to height of said heights so that a tip 
may stick to a clad base material. 
[0022] 

In this invention, it is preferred that said clad base material is flat, and when said clad base 
material is flexible, it is preferred to support a rear face with a rigid body with this flexible base 
material flat at the time of polymer light guide production processes. 
[0023] 

As for a refractive index of said clad base material, it is preferred that it is 1.55 or less, As for 
the above-mentioned clad base material, it is preferred that it is an alicyclic olefine resin film, 
and it is more preferred that it is a resin film which said alicyclic olefine resin film has 
norbornene structure in a main chain, and has a polar group in a side chain. 
[0024] 

It is preferred that a cladding layer formed in the clad base material surface in which a core 
part mentioned later was formed is formed by [ which applied ultraviolet curing nature resin or 
thermosetting resin ] carrying out postcure. As for said cladding layer, it is preferred to be 
formed by pasting a clad base material together with this substrate and adhesives with a near 
refractive index. 
[0025] 
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As for said elastomer for mold formation, it is preferred to harden a liquefied hardenability 
silicone elastomer, and, as for surface energy of said mold, it is preferred that it is the range of 
10-30 mN/m. It is preferred that it is a range whose Shore (Shore) rubber hardness of said 
mold is 15-80 degrees, and that the secondary average of roughness height (RMS) Rq of said 
mold is 0.5 micrometer or less. It is preferred that a range of thickness of said mold is 0.1-50 
mm. 
[0026] 

It is preferred that hardening resin which forms said core part is ultraviolet curing nature resin 
or thermosetting resin, and, as for viscosity of said ultraviolet curing nature resin or 
thermosetting resin, it is preferred that it is the range of 10 - 2000 mPa-s. It is preferred that a 
volume change when stiffening said ultraviolet curing nature resin or thermosetting resin is 
10% or less. 
[0027] 

It is preferred that a refractive index of said cladding layer is the same as a clad base material, 
and it is preferred that a refractive index of a hardened material of ultraviolet curing nature 
resin used as said core or thermosetting resin is 1.55 or more. It is preferred that refractive 
index difference of said clad base material and a cladding layer, and a core is 0.02 or more. 
[0028] 

[Embodiment of the Invention] 

Hereafter, this invention is explained in detail. 

The manufacturing method of the polymer light guide of this invention by using the micro 
molding method using the elastomer for molds represented by poly dimethylsiloxane (PDMS), 
Produce the mold of highly precise core shape by a simple method, and the goodness of the 
adhesion of the film of a low refractive index, etc. and the elastomer for molds which become a 
cladding layer is used, After filling up only the crevice of a mold with ultraviolet curing nature or 
thermosetting resin, forming a core part in it by making it solidify and exfoliating a mold, a 
polymer light guide is formed by low cost by applying and solidifying a cladding layer. 
[0029] 

Said PDMS can also use a PDMS mold as it is as a cladding layer, without making it exfoliate 
from resin in a mold generally, since the refractive index is as low as about 1 .43. In this case, 
the device that the low-refractive-index film in which filled ultraviolet curing nature resin or 
thermosetting resin, and the mold of PDMS serve as a clad base material further, and the 
stuck mold of PDMS do not separate is needed. 
[0030] 

In this invention, it serves as the cladding layer, and the flexible film base or rigid body 
substrate with which a core layer is formed in the surface only forms a core layer (core part) 
with a refractive index higher than these in the surface of the above-mentioned film or a rigid 
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body, and functions on it as a polymer light guide. At this time, the micro molding method using 
the elastomer for molds represented by PDMS as a mold is used for formation of a core part. 
The elastomer for molds is excellent in adhesion and detachability with a substrate, and has 
the capability to copy nano structure. Therefore, when it is made to stick to a substrate, even 
penetration of a fluid can be prevented, and when a capillary tube is formed with a film base 
and a mold, it has the feature that only a capillary tube is filled up with a fluid. Since it excels 
also in detachability, the mold of PDMS can be easily removed, even if it sticks once. That is, 
when it is filled up with resin by having used PDMS as the mold and this resin is solidified, it is 
possible to maintain shape with high precision and to remove a mold from the above- 
mentioned resin, and it is dramatically effective as formation methods, such as a core part of 
an optical waveguide. 
[0031] 

About the manufacturing method of such a polymer light guide, this invention, It is a 
manufacturing method of the polymer light guide which has one or more starting points of a 
waveguide, and one or more terminal points of all of a waveguide along the same straight line, 
So that it may exfoliate after forming the layer of the elastomer for mold formation in the 
surface of original recording in which the heights equivalent to a core part were formed, and a 
mold may be taken and the crevice corresponding to said heights subsequently to said mold 
formed may be exposed, The process of producing a mold by forming the side which is not a 
waveguide via said same straight line, The process which sticks a clad base material with 
good adhesion with this mold to the field which has a crevice of said mold, Hardening resin is 
contacted by making the crevice by the side of said formed starting point which was exposed 
or a terminal point into a resin input part, The process of cutting at once the cladding substrate 
in which the process which makes this hardening resin advancing into the crevice of said mold 
according to capillarity, the process which stiffens the hardening resin made advancing, the 
core part, and the cladding layer were formed along said same straight line is included. 
Hereafter, this invention is explained in accordance with each process. 
[0032] 

- Process of creating a mold - 

The conventional method, for example, the photolithographic method etc., can be especially 
used for production of the original recording in which the heights equivalent to a core part were 
formed, without restriction. The method of producing a polymer light guide by the 
electrodeposition process or photoelectrical arrival method which these people have already 
proposed is also applicable to producing original recording. As construction material of the 
above-mentioned original recording, a silicon substrate, a glass substrate, etc. are used and 
the size of said heights formed in original recording is suitably decided according to the use of 
a polymer light guide, etc. For example, in the case of the optical waveguide for single modes, 
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in the case of the optical waveguide for multi-modes, the core about a 50-100-micrometer 
angle is generally used in the core about a 10-micrometer angle, but the optical waveguide 
which has about hundreds of micrometers and a still bigger core part depending on a use is 
also used. 
[0033] 

Since the polymer light guide manufactured by this invention is what has one or more starting 
points of a waveguide, and one or more terminal points of all of a waveguide along the same 
straight line, the shape of the heights equivalent to said core part is the shape at which it 
turned having applied to the terminal point from the starting point. When the starting point was 
plurality, it might become a terminal point of two or more core parts corresponding to them, 
and one of core parts may have branched. 
[0034] 

After forming the layer of the elastomer for mold formation in the field which has heights of the 

original recording produced as mentioned above, a mold exfoliates and is produced. 

It is preferred that it can exfoliate easily from original recording as a material of the elastomer 

for mold formation and to have the mechanical strength and dimensional stability more than 

fixed as a mold (it uses repeatedly). The layer of the elastomer for mold formation is formed 

from what added various additive agents to the elastomer for mold formation, or this if needed. 

[0035] 

Since the above-mentioned elastomer for mold formation must copy correctly each optical 
waveguide shape formed in original recording, it is preferred to use the viscosity below a 
certain limit, for example, the range grade of 2000 - 7000 mPa-s. It can add to such an extent 
that the adverse effect by a solvent does not come out of a solvent for viscosity regulation. 
The above-mentioned viscosity can be measured using a common rotary type viscosity type. 
[0036] 

As a material of said elastomer for mold formation, a hardenability silicone elastomer (a heat- 
hardened type, a room-temperature-curing type, a photo-curing type) is preferably used from a 
viewpoint of detachability, and mechanical strength and dimensional stability. 
The hardenability silicone elastomer used for this invention is a silicone elastomer of the 
structure which constructs a bridge over a three dimension. The silicone elastomer of the 
structure which constructs a bridge over this three dimension polymerizes from a 
polyfunctional (three functionality, four functionality) unit, and usually has the structure of cross 
linkage. The silicone rubber etc. which polymerized in about 5000 to 10000 molecular weight 
(siloxane units) are contained in the hardenability silicone elastomer used for this invention by 
heat cure after adding a vulcanizing agent etc., for example. 
[0037] 

In this invention, the reason it is required to use said hardenability silicone elastomer is as 
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follows. 

Said hardenability silicone elastomer originates in -Si-O-combination, and since surface energy 
is low, it shows the outstanding mold-release characteristic and immiscible nature intrinsically. 
However, it is because it becomes it is possible to also make the outstanding adhesive 
property reveal, and possible to obtain the mold which was compatible in detachability and an 
adhesive property by controlling the curing conditions. 
[0038] 

As a factor which governs hardening, reaction group kind [ of a constituent ], number; cure 
time of reaction groups, and temperature; irradiation energy; etc. are mentioned. Therefore, as 
a method of controlling said curing conditions, for example, poly dimethylsiloxane of 
monofunctional nature or two functionality and a reaction controlling agent (acetylene alcohol.) 
annular methylvinyl cyclosiloxane and siloxane denaturation acetylene alcohol - etc. -- the 
method of adding, the method of adjusting a catalyst amount, reaction temperature, reaction 
time, optical (UV) irradiation intensity, etc., etc. are mentioned. Since the molecular weight of a 
hardenability silicone elastomer, the silanol ullage as a reaction group, etc. can be adjusted if 
curing conditions are controlled by these methods, it becomes possible to control freely a 
mold-release characteristic, hardness, surface hardness, an adhesive property, transparency, 
heat resistance, chemical stability, etc. 
[0039] 

As said hardenability silicone elastomer, the following examples are given, for example as a 
silicone elastomer of thermosetting (a condensed type, an added type) and a photoresist, etc. 
As a condensed type hardenability silicone elastomer, among thermosetting silicone 
elastomers, The poly dimethylsiloxane etc. which have a silanol group at the end are made 
into base polymer, The hardenability silicone elastomer which blended poly 
methylhydrogensiloxane etc. as a cross linking agent, carried out heating condensation and 
was compounded under catalyst existence, such as organic acid metal salt, such as organic 
tin, and amines; A hydroxyl group, The hardenability silicone elastomer which the 
polydyorganosiloxane which has reactant functional groups, such as an alkoxy group, in an 
end was made to react, and was compounded; The chlorosilicane of three or more 
functionality, Or polysiloxane elastomer; etc. which condensed and compounded the silanol 
which hydrolyzed the mixture of these and the chlorosilicane of 1 and 2 functionality, etc. are 
mentioned. 
[0040] 

As an added type hardenability silicone elastomer, among thermosetting silicone elastomers, 
Poly dimethylsiloxane containing a vinyl group, etc. are made into base polymer, a poly 
dimethyl hydrogen siloxane is blended as a cross linking agent, and the hardenability silicone 
elastomer etc. which reacted and stiffened and were compounded under existence of a 

http://vww4Jpdl.inpit.goj 9/4/2008 



JP,2004-109927 3 A [DETAILED DESCRIPTION] 



Page 10 of 23 



platinum catalyst are mentioned. 

Although a said addition type hardenability silicone elastomer is morphologically classified into 
a solvent type, an emulsion type, and a solventless type, a solventless type is suitably used for 
this invention. 
[0041] 

The hardenability silicone elastomer compounded as a silicone elastomer of said photoresist 
using the optical cation catalyst, the hardenability silicone elastomer compounded using the 
radical hardening mechanism, etc. are mentioned. 
[0042] 

As said hardenability silicone elastomer, it is liquid resin of low molecular weight, and what can 
desire sufficient perviousness is used preferably. As for the viscosity of said hardenability 
silicone elastomer, it is preferred that it is the range of 500 - 7000 mPa-s, and it is more 
preferred that it is the range of 2000 - 5000 mPa-s. 

As a hardenability silicone elastomer, the thing containing a methyl siloxane group, an ethyl 
siloxane group, and a phenyl siloxane group is preferred, and especially a hardenability 
dimethylsiloxane elastomer is preferred. 
[0043] 

It is desirable to perform releasing treatment, such as release agent spreading, to said original 
recording beforehand, and to promote exfoliation with a mold. 

In order to form the layer of the elastomer for mold formation in the field which has heights of 
original recording, the layer of the elastomer for mold formation is formed in said field by 
applying the material of the elastomer for mold formation, or carrying out casting etc., and a 
drying process, curing treatment, etc. are performed if needed after that. 
Although the layer thickness of the elastomer for mold formation is suitably decided in 
consideration of the handling nature as a mold, it is preferred that it is the range of 0.1-50 mm. 
Then, it exfoliates and let the layer and original recording of the elastomer for mold formation 
be a mold. 
[0044] 

Subsequently, a mold is produced by cutting piercing a mold or other means so that the 
crevice corresponding to said heights formed in said mold may be exposed. A next process 
cuts a mold so that a crevice may be exposed, and it performs punching, and it is for making 
ultraviolet curing nature resin or thermosetting resin advance into the crevice of said mold 
according to capillarity, or making it discharge by making this exposed crevice into a resin 
input part or a resin outputting part. 
[0045] 

In this invention, if in charge of creation of a mold in order to cut at once the cladding substrate 
in which the core part and the cladding layer were formed eventually along said same straight 
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line so that it may mention later, it is required to cut or pierce the side which is not a waveguide 
via said same straight line. It is preferred to perform cutting or punching in the portion 
immediately after specifically extending the waveguide portion (core part) of said crevice at the 
side which is not a waveguide exceeding said same straight line (the starting point or terminal 
point). 
[0046] 

It is possible to use various means besides a cutter, a puncher, etc. as a means for which both 

ends are exposed. 

[0047] 

As for the surface energy of the above-mentioned mold, it is preferred that it is the range of the 
viewpoint of adhesion with a film base to 10 - 30 mN/m, and it is more preferred that it is the 
range of 15 - 24 mN/m. When a surface tension ingredient measures an angle of contact with 
a mold using various known solvents, it can ask for the above-mentioned surface energy. 
[0048] 

As for the Shore (Shore) rubber hardness of a mold, it is preferred that it is the range of 15-80 
degrees from a viewpoint of templating performance or detachability, and it is more preferred 
that it is a range which is 20-60 degrees. The rubber hardness of the above-mentioned mold 
can be measured using a durometer. 
[0049] 

In terms of templating performance, as for the surface roughness (mean square granularity 
(RMS)) of a mold, it is preferred that it is 0.5 micrometer or less, and it is more preferred that it 
is 0.1 micrometer or less. The surface roughness of the above-mentioned mold can be 
measured using a contact process surface roughness meter (the alpha step 500, ten call 
company make). 
[0050] 

- Process at which a mold and a clad base material are stuck - 

Since the optical waveguide manufactured by this invention can be used also as optical wiring, 
an optical separator, etc. between a coupler and a board, according to the use as a material of 
said clad base material, It is chosen in consideration of the optical characteristics, such as a 
refractive index of this material, and a light transmittance state, a mechanical strength, heat 
resistance, adhesion with a mold, flexibility (flexibility), etc. In this invention, it is preferred to 
produce a polymer light guide using a flexible film base and a rigid body substrate. 
[0051] 

In this invention, also in order to prevent the unnecessary modification over it, and to raise 
workability, it is [ hardening resin being introduction from the resin input control port mentioned 
later, and / since forcing by a resin extrusion member follows, ] desirable for a clad base 
material to be a flat rigid body substrate. The same effect can be expected by supporting a 
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rear face with a rigid body flat at the time of waveguide production processes, for example, a 

glass substrate etc., to use said clad base material as a flexible film substrate. 

[0052] 

An alicyclic acrylic film, an alicyclic olefin film, a triacetic acid cellulose film, a fluorine- 
containing resin film, etc. are mentioned from a viewpoint that a refractive index has 
transparency comparatively small as a film base used. In order that the refractive index of a 
film base may secure refractive index difference with a core part, it is preferred that it is smaller 
than 1.55, and it is more preferred that it is smaller than 1.53. 

The above-mentioned refractive index is measured, for example using an Abbe refractometer 

(measurement of refractive indicees, such as other core parts, is also the same). 

[0053] 

As said alicyclic acrylic film, OZ-1000, OZ-1 100, etc. which introduced aliphatic cyclic 
hydrocarbon, such as tricyclodecane one, into the ester interchange group (made by Hitachi 
Chemical Co., Ltd.) are used, for example. 
[0054] 

Although said alicyclic olefin film is preferably used for this invention in respect of transparency 
and a low refractive index, The thing which has norbornene structure in a main chain as the 
above-mentioned alicyclic olefin film, and the thing which has norbornene structure in a main 
chain, and has polar groups, such as an alkyloxy carbonyl group (it is the thing and cycloalkyl 
group of the carbon numbers 1-6 as an alkyl group), in a side chain are mentioned. The 
alicyclic define resin which has norbornene structure in the main chain like the above 
especially, and has polar groups, such as an alkyloxy carbonyl group, in a side chain, Since it 
has the outstanding optical characteristics, such as a low refractive index (refractive indicees 
are the 1 .50 neighborhoods and the difference of the refractive index of ** between core dads 
can be secured), and a high light transmittance state, it excels in adhesion with a mold and it 
excels in heat resistance further, it is preferably used especially for the manufacturing method 
of the polymer light guide of this invention. For example, the ARTON film (made by JSR), a 
ZENOA film (made by Nippon Zeon Co., Ltd.), etc. can be mentioned. 
[0055] 

The thickness of said film base is appropriately chosen in consideration of flexibility, rigidity, 
the ease of handling, etc., and it is preferred that it is the range of 0.1 mm - about 0.5 mm. 
[0056] 

- Process which makes hardening resin advance into the crevice of a mold - 
The hardening resin which serves as a core at a resin input part is contacted, and this 
hardening resin is made to advance into the crevice of said mold according to capillarity in this 
process (restoration). In this invention, restoration of the above-mentioned resin is concretely 
performed by the following methods. 

http://ww4.ipdl.inpit.go.jp/cgi-bi^ 9/4/2008 



JP,2004-109927,A [DETAILED DESCRIPTION] 



Page 13 of 23 



[0057] 

First, it is the method of making into a resin input part either one of the starting point side 
formed so that said crevice might be exposed, or the terminal point side, and making 
hardening resin advancing into the crevice of a mold by making the other into a resin 
outputting part. 
[0058] 

In a resin penetration process, resin is not always outputted as mentioned above, and the 
above-mentioned resin outputting part functions also as an exit of air in the early stages of 
penetration. Therefore, when two or more not branched waveguides exist, it is satisfactory, but 
when said terminal point side is made into a resin input part in branched state core 
(waveguide) shape, for example. When hardening resin reaches a tee from a terminal point 
being plurality earlier than the core part which wants to branch and in which it shifted and 
others branched by that core part, penetration of the hardening resin to other branched core 
parts may stop. For this reason, in the case of branched state core shape, it is preferred to 
make the starting point side into a resin input part. 
[0059] 

Although a described method is a method with an effective range whose waveguide length is 
about 5-10 cm, when it becomes the length beyond it, there is a difficulty that restoration of 
hardening resin takes time extremely and productivity falls. Then, how to shorten an injection 
time can be considered by next dividing waveguide length. In this case, the exit of the air 
corresponding to the entrance of resin and resin is required, and plastic surgery whose 
entrance and exit of resin do not spoil waveguide shape is needed. 
[0060] 

Then, it is preferred to use the method of forming the admission port (resin input control port) 
of resin in addition to said both ends, and shortening capillary tube distance substantially by 
providing a penetrating port, so that it may be open for free passage to said crevice in this 
invention from the field of the clad base material of a mold and the opposite hand of the field to 
which it was made to stick. 
[0061] 

In production of two or more waveguides which have the core shape which is missing from 
terminal point 2b and has not branched from the starting point 2a, drawing 1 is the figure which 
looked at the state before providing a penetrating port in the mold 1 from the mold side. In this 
invention, a resin input control port (penetrating port) may be the resin input control port 3 of 
the shape which straddled and carried out the opening of two or more crevices in the direction 
which intersects perpendicularly with the waveguide of the mold 1 as not restricted to shape 
like the hole provided for every waveguide but shown in drawing 2 mostly. 
Since hardening resin can be made to be able to advance simultaneously to two or more core 
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parts as by making a resin input control port into such shape shows to drawing 2 and the 
manufacturing time of a core part can be shortened further, it is effective from a viewpoint of 
reducing cost. 
[0062] 

And by inserting a resin extrusion member in the above-mentioned resin input control port 3 by 
Fukashi who subtracted the height measurement of the heights of said original recording from 
the thickness of the mold 1, after making hardening resin advance into said crevice in this 
invention, The excessive resin which remains in the resin input control port 3 can be extruded 
to a core groove, and disorder of the waveguide shape after resin filling completion can be 
suppressed to the minimum. 
[0063] 

In this invention, when the core (waveguide) has branched, It is preferred to provide a 
penetrating port so that it may be open for free passage into the whole mixing portion 
(branching portion) of branching of said crevice, to make this into a resin input control port, and 
to make the said cutting or starting point [ of the pierced waveguide ], and terminal point side 
into a resin outputting part from the field of the clad base material of said mold and the 
opposite hand of the field to which it is made to stick. 

The mixing portion of the above-mentioned branching means the range needed for the light in 
the waveguide before branching when a waveguide branches being divided uniformly. 
[0064] 

Since restoration length decreases by this compared with the case where it pours in from the 
starting point [ of a waveguide ], or terminal point side like the above, it becomes possible to be 
more efficiently filled up with resin. Filling speed can be further raised after the hardenability 
resin filling to a crevice in a similar manner also in this case only from what it is preferred to 
insert a resin extrusion member in said resin input control port to the depth which subtracted 
the height measurement of said heights from the thickness of the mold, and it depends on 
capillarity by this. 
[0065] 

The state where provided the penetrating port in said mixing portion, and drawing 3 was made 
to fill up with hardening resin by making this into a resin input control port in production of the 
waveguide which has the branched core shape is shown. 

In the branched waveguide, from the starting point and the terminal point of said waveguide, 
since a mixing portion has the wide width of a waveguide portion, When said penetrating port 
is provided in the field of the pole of a mixing portion part and is used as a resin input control 
port, there is a possibility that an air part may remain without filling up the whole mixing portion 
with the hardening resin for cores. Then, as shown in drawing 3, it is possible to decrease such 
fear by forming the resin input control port 4 in a position and a size which bisect a core. 
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[0066] 

The position which bisects the above-mentioned core has a preferred thing of each core before 
and behind branching of the resin input control port 4 for which a center is occupied mostly, as 
shown in drawing 3 including said mixing portion, and it is preferred that width is the length 
which totaled the width of each core at least as a size. In drawing 3, the resin input control port 
4 is formed in the same position as a mixing portion, and the size. 
[0067] 

Formation of the above-mentioned resin input control ports 3 and 4 may be performed cutting 
of a mold, or before punching in said mold creation process, and it may carry out after cutting 
or punching. In a resin penetration process, resin is not always outputted as mentioned above, 
and the above-mentioned resin outputting part functions also as an exit of air in the early 
stages of penetration. 
[0068] 

In order to make the opening (crevice of a mold) formed between the mold and the clad base 
material of capillarity fill up with hardening resin, the hardening resin to be used needs to be 
hypoviscosity enough so that it may be possible. In order to use capillarity for restoration of a 
fluid generally, as the path of a pipe is small, filling speed becomes slow and restoration at a 
practical speed becomes more nearly impossible. Therefore, it becomes a technical problem 
when gathering the filling speed of capillarity actually uses. It is effective to lower to lower the 
viscosity of a fluid and a pressure as a method of gathering filling speed. Usually, as for 
viscosity, it is preferred that they are 5000 or less mPa-s, and it is more preferred that they are 
1000 or less mPa-s. 
[0069] 

The refractive index after hardening of said hardening resin needs to be higher than the 
polymer material which constitutes a clad. In addition, in order to reproduce the shape of the 
origin which the heights equivalent to the core part formed in original recording have with high 
precision, it is required for the volume change before and behind hardening of said hardening 
resin to be small. For example, if volume decreases, it will become a cause of waveguide loss. 
Therefore, as for said hardening resin, what has as small a volume change before and behind 
hardening as possible is desirable, it is preferred that a volume change is 10% or less, and it is 
more preferred that it is 6% or less. It is more desirable for hypoviscosity-izing using a solvent 
to avoid, since the volume change before and behind hardening is large. 
[0070] 

As for the viscosity of the above viewpoint to said hardening resin, it is preferred that it is the 
range of 10 - 2000 mPa-s, it is more preferred that it is the range of 20 - 1000 mPa-s, and it is 
still more preferred that it is the range of 30 - 500 mPa-s. However, when hardening resin also 
reduces viscosity using a solvent etc., and it solidifies, there is a fault that a volume change is 
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large and cannot keep the original shape highly precise as mentioned above. Therefore, the 
hardening resin for restoration to be used needs to choose the material in which it is solvent- 
free and a volume change is possible the smallest. 
[0071] 

The refractive index of the hardened material of the hardening resin used as a core needs to 
be larger than said film base and rigid body substrate used as a clad as mentioned above, as 
for the difference of the refractive index of a clad and a core, it is preferred that it is 0.02 or 
more, and it is more preferred that it is 0.05 or more. However, as for the high film base of 
hardening resin and adhesion, since the thing of the 1.50 neighborhoods has many refractive 
indicees, as for the refractive index of hardening resin, it is preferred that it is 1 .52 or more, 
and it is more preferred that it is 1 .55 or more. 
[0072] 

As the above-mentioned hardening resin, ultraviolet curing nature resin or thermosetting resin 
is used preferably. As construction material of said hardening resin, an epoxy system, a 
polyimide system, and acrylic ultraviolet curing nature resin are used preferably. 
[0073] 

in order to promote contacting the end of the mold to which the film base was stuck to the 
hardening resin used as a core in this process, and filling up the crevice of said mold with this 
hardening resin according to capillarity - this system - it is desirable to decompress the whole 
(about 0.1-200 Pa), a system -- instead of making the whole decompression, it can draw in 
with a pump from a different end from the end in contact with said hardening resin of a mold, or 
can also pressurize in the end in contact with said hardening resin. 
In order to promote said restoration, it is also an effective means to hypoviscosity-ize 
hardening resin more by heating the hardening resin which replaces with said decompression 
and application of pressure, or is contacted at the end of a mold in addition to these. 
[0074] 

When a penetrating port is provided in the middle of a waveguide like this invention and this 
penetrating port is used as a resin input control port, an optical element of a different kind can 
be introduced into a waveguide with the hardening resin for cores. 

For example, in the case of said branched state core (waveguide), even if waveguide length is 
short, as shown in the front view from the mold side of drawing 4 , dispersion in a branching 
ratio can be stopped by arranging the diffusion board 6 which diffuses light uniformly to the 
resin input control port 4 (mixing part). In this invention, after being filled up with the hardening 
resin for cores from the resin input control port 4, the polymer light guide in which the diffusion 
board 6 was inserted easily can be manufactured by inserting the diffusion board 6 using the 
resin input control port 4, and stiffening a core as it is. 
[0075] 
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As a position which can use the thing using a hologram or a grating, etc. as the above- 
mentioned diffusion board 6, and inserts the diffusion board 6, it is preferred to consider it as 
the position in front of branching of a tee (portion from which a mixing portion begins). 
[0076] 

By the size of the path of insertion inserting a light guide plate with equal core part and 
refractive index equally to the height of said heights using a resin input control port, and 
stiffening a core as it is, after being similarly filled up with the hardening resin for cores from a 
resin input control port, It is also possible to manufacture the polymer light guide in which this 
light guide plate was inserted easily. 
[0077] 

- Process which stiffens the hardening resin made to advance - 

In order to stiffen the hardening resin made to advance, an ultraviolet ray lamp, ultraviolet-rays 
LED, a UV irradiation device, etc. are used. When thermosetting resin is made to advance, 
heating in oven etc. are used for hardening. 
[0078] 

After hardening exfoliates a mold, forms a cladding layer in the clad base material surface in 
which the core part was formed, and makes it a polymer light guide. Like previous statement, it 
is also possible to use said mold as a cladding layer as it is, it is not necessary to exfoliate and 
a mold is used as a cladding layer as it is in this case. 
[0079] 

As said cladding layer, the layer which applies and stiffened the film and hardening resin 
(ultraviolet curing nature resin, thermosetting resin) which were used, for example as said clad 
base material, the poly membrane produced by applying the solution of a polymer material and 
drying, etc. are mentioned. When using a film as a cladding layer, it is stuck using adhesives, 
but it is desirable in that case for the refractive index of adhesives to be as near as the 
refractive index of a film. 
[0080] 

In order that the refractive index of said cladding layer may secure refractive index difference 
with a core, it is smaller than 1 .55 and its desirable thing made smaller than 1 .52 is desirable. 
It is preferred to make the refractive index of a cladding layer the same as the refractive index 
of said film base, in view of the point which light shuts up. 
[0081] 

- Process of cutting a cladding substrate at once along the same straight line - 

This process is a process completed as a polymer light guide by cutting at once the cladding 
substrate in which the core part and the cladding layer were formed as mentioned above along 
said same straight line, and forming the starting point and the terminal point of a waveguide. 
[0082] 
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An example of the manufacturing process of the polymer light guide using the capillarity used 
for drawing 5 in this invention is shown typically. As for drawing 5 (1) and (2), the making 
process of a mold and drawing 5 (4) and (5) are a penetration process of hardening resin. The 
mold 12 produced using the original recording 10 which has the heights 10a equivalent to a 
core part like drawing 5 (3) in this method, As the hole 14 (resin input control port) for 
restoration is made in the mid-position of the direction of a waveguide length hand in a clad 
base material, the field to which it is made to stick, and the field of an opposite hand so that it 
may be open for free passage to said crevice, and shown in drawing 5 (5), By being filled up 
with the hardening resin 16 for cores from here, and making the hardening resin 16 output to 
the both ends 13a (resin outputting part) which the mold 13 cut, restoration length can be 
substantially made into a half and it is possible to reduce an injection time. 
[0083] 

In order to complete an optical waveguide substrate with a described method, a certain end 
face processing is required because of the starting point of a waveguide, and terminal point 
formation. That is, in the above-mentioned method, since the hardening resin used as a core 
will be in the state of effluence from the end of the mold 13 as shown in drawing 5 (6), it will 
remain with solidification of resin for cores with an infinite form. So, in order to realize a mirror 
plane with few losses as the starting point and the terminal point of a waveguide, as shown in 
drawing 5 (7), the process of grinding in the position of the starting point and a terminal point in 
addition to cutting or it is needed. 
[0084] 

This process is required about all the portions used as the starting point of a waveguide, and a 
terminal point, and the process of performing a plan substitute occurs each time. Then, by 
arranging all the starting points and terminal points of a waveguide along the same straight 
line, and cutting at once with a dicing saw etc. along this same straight line, troublesome 
precision cutting work is finished at once, and it becomes possible to process other end faces 
suitably. 
[0085] 

Even if it is a case of two or more cladding substrates which have a branched state waveguide 
and a different waveguide of shape, By cutting at once with a dicing saw along the same 
straight line to which all the starting points which laminate these and each has, and terminal 
points were equal, it becomes possible to do right dense cutting work at once, and processes 
can be substantially reduced by this. 
[0086] 

Although cutting in alignment with said same straight line can be once performed easily using 

a dicing saw, as a cutting means, it is not restricted to this. 

[0087] 
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As stated above, according to this invention, by a simple method, the optical waveguide which 
has highly precise core shape with few loss losses by low cost can be formed, and it excels in 
mass production nature, and a flexible polymer light guide with high flexibility can be obtained. 
The time which restoration also according [ branched state waveguide **** ] to simplification 
and capillarity of a cutting process takes especially can be shortened, and productive efficiency 
can be raised. 
[0088] 
[Example] 

Hereafter, although an example explains this invention still more concretely, this invention is 
not limited to these examples. 
(Example 1) 

Negatives were developed and heights were formed, after having prebaked at 80 ** after 
applying thick film resist (SU-8: Made by a microchemical Company) with a spin coat method 
on the surface of a Si substrate (6 inches in diameter), and exposing through a photo mask. 
Next, postbake was carried out at 120 ** and the original recording for core part formation of 
the optical waveguide which has branched state heights was produced. This optical waveguide 
has branched to 1 to 4, and serves as the shape where the starting point and the terminal point 
of a waveguide as shown in drawing 3 become the same straight-line top. The square of a 50- 
micrometer angle and the length of the curved section before and behind branching are about 
7.5 mm, and the sectional shape of the branching tip is eventually located in a line at intervals 
of 250 micrometers. 200 micrometers and the length of the maximum width of the mixing 
portion were 19.75 mm, 20.00 mm, 20.25 mm, and 20.50 mm sequentially from the one where 
the core part after branching is shorter. 
[0089] 

After applying normal hexane to this original recording as a release agent, a thermosetting poly 
dimethylsiioxane (PDMS) elastomer (SYLGARD184: made in Dow Corning Asia) is slushed, 
After making it solidify by heating for 30 minutes at 120 **, it exfoliated and said section 
produced the mold with a thickness [ with the crevice corresponding to square heights ] of 1 
mm. This thickness was measured with the accuracy of 1 micrometer or less of errors using 
the noncontact type laser displacement gage etc. The cutter cut so that said crevice might be 
[ side which is not a waveguide ] exposed in the place of 1 mm from the same straight line that 
said type of the starting point and the terminal point of a waveguide make, the resin outputting 
part was formed, and it was considered as the mold. As for the surface energy of this mold, 45 
degrees and the mean square surface roughness of 20 mN/m and shore hardness were 0.05 
micrometer. 
[0090] 

Next, in the same position as this mixing portion, and the size, it clipped by the cutter and this 
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was made into the resin input control port so that it might be open for free passage into the 
whole mixing portion from the clad base material of the mold of this PDMS, and the opposite 
hand of the field to which it is made to stick. When the somewhat larger ARTON film (the 
product made by JSR, thickness: 188 micrometers, refractive-index: 1.51) than this mold and 
the mold by which the vacuum chuck was carried out to the surface of monotonous glass was 
contacted, both stuck. 
[0091] 

In this state, when viscosity hangs down epoxy system ultraviolet curing nature resin (made by 
NTT-AT) of 200 mPa-s to the resin input control port of the mold of PDMS, When this 
ultraviolet curing nature resin was filled up into said crevice with capillarity from the resin input 
control port, all the fields of the crevice were filled up with said ultraviolet curing nature resin in 
about 1 minute. The pin jig used as the resin in which it is the same shape as said clipped 
mold, and the tip hardened PDMS was inserted, and the resin with which the resin input 
control port was filled up was driven out of said resin outputting part so that said resin input 
control port might be covered after the completion of restoration. The insertion depth of this pin 
jig leaves only 50 micrometers which becomes a waveguide by that structure. That is, the 
insert portion is processed so that it may become the length which subtracted 50 micrometers 
from the thickness of the mold according to the thickness measured value of the corresponding 
mold of PDMS. It is guessed at this time that the position gap with the ceiling part of a pin tip 
part and the crevice of the mold which makes a waveguide is 5 micrometers or less. 
[0092] 

When it irradiated with the UV light of light intensity 50 mW/cm 2 for 10 minutes through said 
PDMS mold, said ultraviolet curing nature resin was solidified in the state of the above and the 
mold of PDMS was subsequently exfoliated, the heights of said original recording and a same- 
shaped core part were formed in the ARTON film surface. The refractive index of this core part 
was 1.54. 
[0093] 

A refractive index applies to the core part forming face of the above-mentioned ARTON film 
ultraviolet curing resin (made by NTT-AT) which is the 1.51 [ same ] as said ARTON film, After 
putting the ARTON film on the surface furthermore, irradiate with the UV light of light intensity 

50 mW/cm for 10 minutes, it was made to solidify, and the cladding layer of 50 micrometers of 

thickness was formed. 

[0094] 

Then, the flexible polymer light guide was formed by cutting at once the cladding substrate in 
which said core part and the cladding layer were formed along the same straight line that the 
starting point and the terminal point of a waveguide make. The above-mentioned cutting was 
performed using the dicing saw (made by a disco company) on with the number of rotations of 
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20000 rpm, and a feed rate of 2 mm/sec conditions. This polymer light guide can be functioned 
without necessity by polish of an end as a waveguide. When light intensity was measured at 
the terminal point of each branching, the heterogeneity of branching was 10% or less. 
[0095] 
(Example 2) 

By the same method as Example 1 , the section produced the original recording for core part 
formation of the square of a 50-micrometer angle. This core section structure is four not 
branched waveguides, and serves as the shape where the starting point and the terminal point 
of a waveguide as shown in drawing 2 become the same straight-line top. The length of a 
waveguide is about 100 mm and is located in a line in a 250-micrometer pitch. 
[0096] 

After fixing the board with a thickness of 50 micrometers which applied the release agent made 
from SUS so that it might not incline to the position which makes said heights a longitudinal 
direction for about 2 minutes and applying a release agent to the whole so that the heights 
equivalent to four above-mentioned core parts may be crossed, the PDMS resin used in 
Example 1 was slushed. After making it solidify by heating for 30 minutes at 120 **, it 
exfoliated and said section produced the mold with a thickness [ with the crevice 
corresponding to square heights ] of 3 mm. 
[0097] 

Next, the resin input control port was formed in the mold of PDMS by removing said board. 
The cutter cut so that said crevice might be [ side which is not a waveguide ] exposed in the 
place of 1 mm from the same straight line that said type of the starting point and the terminal 
point of a waveguide make, the resin outputting part was formed, and it was considered as the 
mold. When this mold and said ARTON film by which the vacuum chuck was carried out to the 
glass substrate surface were contacted, both stuck. 
[0098] 

When this ultraviolet curing nature resin was filled up into said crevice with capillarity from the 
resin input control port by hanging down ultraviolet curing nature resin to the resin input control 
port of the mold of above-mentioned PDMS like Example 1 in this state, all the crevice fields 
were filled up with said ultraviolet curing nature resin in about 2 minutes. The 50-micrometer- 
thick board made from SUS was inserted in said resin input control port after the completion of 
restoration, and the resin with which the resin input control port was filled up was driven out of 
said resin outputting part. It is prescribed by the jig that the immersion depth at this time serves 
as length which subtracted 50 micrometers from the thickness of the mold according to the 
thickness measured value of the corresponding mold of PDMS. 
[0099] 

When it irradiated with the UV light of light intensity 50 mW/cm 2 for 10 minutes through the 
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mold of said PDMS, said ultraviolet curing nature resin was solidified in the state of the above 
and the mold of PDMS was subsequently exfoliated, the heights of said original recording and 
a same-shaped core part were formed in the ARTON film surface. The refractive index of this 
core part was 1.54. 
[0100] 

After the refractive index applied to the core part forming face of the above-mentioned ARTON 
film ultraviolet curing resin (made by JSR) which is the 1.51 [ same ] as said ARTON film, it is 

irradiated with the UV light of light intensity 50 mW/cm for 10 minutes, and was solidified, and 

the cladding layer of 50 micrometers of thickness was formed in it. 

[0101] 

Then, the flexible polymer light guide was produced by cutting at once the cladding substrate 

in which said core part and the cladding layer were formed like Example 1 along the same 

straight line that the starting point and the terminal point of a waveguide make. 

The waveguide loss of this polymer light guide was 0.45 - 0.5 dB/cm. 

[0102] 

(Example 3) 

In Example 2, a resin input control port was not provided in the upper part of the mold like 
drawing 1 , but the flexible polymer light guide was produced like Example 2 except having 
formed the core part by making into a resin outputting part the portion which is equivalent to a 
resin input part and a terminal point in the portion equivalent to the starting point of a 
waveguide. 

The injection time of said ultraviolet curing nature resin to all the crevice fields of the mold at 

this time was 30 minutes. The waveguide loss of the polymer light guide was 0.35 - 0.38 

dB/cm. 

[0103] 

(Example 4) 

It is a diffusion board (a diffusion angle 40 degrees in the direction parallel to a substrate) to 

the portion from which the mixing portion of a resin input control port begins in Example 1 . The 

flexible polymer light guide was produced like Example 1 except having inserted the LSD sheet 

by U.S. Physical Optics Corporation used as 0.2 degree in the vertical direction. 

About this polymer light guide, when the light intensity in each terminal point was measured, 

the heterogeneity of branching has been improved to 2% or less. 

[0104] 

[Effect of the Invention] 

According to the manufacturing method of the polymer light guide of this invention, by a simple 
method, the optical waveguide which has highly precise core shape with few loss losses by 
low cost can be produced, and it excels in mass production nature, and a flexible polymer light 
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guide with high flexibility can be formed. Especially, also in a branched state waveguide, the 
time which simplification of a cutting process and restoration by capillarity take can be 
shortened, and productive efficiency can be raised. 
[Brief Description of the Drawings] 

[Drawing 1]lt is the front view which looked at an example of the state before the hardenability 
resin filling in this invention from the mold upper part. 

[Drawing 2] lt is the front view which looked at other examples of the state before the 
hardenability resin filling in this invention from the mold upper part. 
[Drawing 3] lt is the front view which looked at other examples of the state before the 
hardenability resin filling in this invention from the mold upper part. 

[Drawing 4] lt is the front view seen from the mold upper part which shows the state where the 
diffusion board was inserted in the mixing portion. 

[Drawing 5] lt is a schematic diagram showing an example of the manufacturing process of a 
polymer light guide. 
[Description of Notations] 

1 and 13 Mold 

2 Core part 

3 and 14 Penetrating port (resin input control port) 

4 Mixing portion 

5 On-off side (the same straight line) 

6 Diffusion board 

10 Original recording 
12 Mold 

15 Cladding substrate 

16 Hardening resin 

17 Resin extrusion member 

18 Cladding layer 
20 Dicing saw 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

DRAWINGS 

[Drawing 1] 



ft. 




[Drawing 2] 
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[Drawing 41 
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[Drawing 5] 
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[0 0 4 8] 

»fifl'>8 7 (Shore) rfAfiJtrtv aWttB*B»ttOBjft*-& 15-80° O 
(BH-e4*£t*«ffi L-<> 2 0 - 6 0° W«H-C**£ t**J: U». ±ie^S<7> 

[0 0 4 9] 

* ^ScOgSfflS (RMS) ) <iv a*91*B*>A#-fc*T, 0. 5 

/»mttT-C**ifc*«ff* L < , 0. 1 /f mJiHT"C*4i irtU •»»* U'« ±Se»a*> 
gSlfiSJJ. jSte«:g®m3It («*r?7'50Qx T'y^-^Wi) tffl^'CSiJ^T* 
it ^liio 
[0 0 5 0] 

[0 0 5 1] 

*« 13 i/'Ti*, *aT*«jjiA* &«>afttt«B#A** bb# l m t»#u 

7W*/7H7-< a'AjfclSfcLfc^B'frli* #*Kfl5*7*0.fcXBtfc¥ffl4PIM^ «>t 
[0 0 5 2] 

, BSR5t7*\> ^74 BBA4-V7^ >74" =»f-b)l'0-X7^U, 

7 •/JRBB'M *A*sJ<SI»f fctt*. 7-f ;vA$fto@4fT^iiv 3?HJt<oI?r$M{| 
1. 5 5 J: i)'l^i>>ZkM1t L<, l. 5 3 J: 44*?v»£ <9 » * L 

Be *>H o 

[0 0 5 3] 

SMBBBjSt* 'J ^7 4 LTMU f ') ->?BfA ^wBKKBttSHt* 

|ix^f,viifeSl3AL/^ OZ- 1 0 0 0, OZ-1 100 (HEftftttft) 
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(10) JP 2004-109927 A 2004.4.8 

[0 0 5 4 ] 

* o + v ii itrffi r k £ ± a k y ju # * * > fll^ * * L #■ o fjjsi k t ;u * * * >• * <i> * 
"fcoBH^sT u 7 < ^SifllHU ttfitf? (JSffi^rt 1 1.50 &&X& 

^JMHftKoMESsUff 4 L <fflv^ii* Q «xtf, t- f*74 -'U (J SR (ft) io 
[0 0 5 5] 

JittCiBtfii, 0. lmm-0. 5mm«*0«lliNfe*£ U\> 
[0 0 5 6] 

- 9 fblMt ffi*»S<Ol!!l»fc*A 

[0 0 5 7] 20 
[0 0 5 8] 

iKKis^xmm&m&mmxftftb l/c^kh. &&rjm$.x'$>i>zkfrh, 

fcv»fft*03 7ffIoJH l- 3 X *) ¥ <fi-fbtt»IB*«»tt»uSia L-T Lli 
£ fc £ Jt «K ^O^tt L£ aTjJ^fftttWi^^fjh L'C L $ } £ k Z 

[0 0 5 9] 

(fa P t * k i££S&aMfc£*l 4 ^ Jl o * S8#<&5 k it z> 0 
[0 0 6 0] 

njiiuiapistniiuiot, ttSPfSJAneraaiftA-p (ttiBAZjpj * 

[0 0 6 1 ] 

WottllB AT) p 3 oTU'/', 

« SI A* □ *Z<0£* tiftft t-T4itKJt»), H 2 t J: ^ KftSk^) a T L , 

n ic^btffHi' >i a ? * * £ i ^-c ^ , 37 fttoftMM t s % k jstt-t * £ t 

[0 0 6 2] to 
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(U) JP J0O4-109927 A 2WM.4.8 

taoT, «}giA^? □ 3K.m&&fr%®m i=? T?t urn u *h»***7»<o**k 

[0 0 6 3] 

(tfcjfcl-*-* J: } i4t*«HBA*Pt U lfflEfi>»f**:tt*T£ttv»/ti* 

ft&, ±E9-«L«^*->>^SIi*i»i, Lfc*frfc5MS1ffl«#«Rfc*»t* » 

T>fj 3 H * k 3 *l* $E BS £ v • 0 • 

[0 0 6 4] 

?#S4>T*fc«>, J: «J itsftnffigc ft * 0 4fc, iwt&iPH 
ttKOaw^oflWbtMHffifcW** airE-wiiA.tJDt-, ftS^is^M&EMofcSi-fc 

[0 0 6 5] 

* k it v ch t « m a * □ 1 1. -c £<btt*t m * &jk 3 * a i*i * 20 

JM*Lfc**»fcJ3v*T»i, 8tEW»ottj*WjftlJ:«) ?*>'>^»»li««»»9»«> 
[0 0 6 6] 

±K3T*-fl-*%tf1IfcHU |JEUy>W*^ H 3 K*tJ:* 
[0 0 6 7] 

fti$. ±E«BA*a3, 4<a$*MU *E»fiff«lSHif/'T, »ao«»*fc«ilT 
*tt*o*fcfToT*Jtv»u fflK*fcliflr*JS&*>»MTo-C4>Jtv». 4fc % ±EMJB 

[0 0 6 8] 

«<ktt«HI*^«1f H*K J: «? SIS t * 7 KltiWPfl Cjg* 3 iifc^Ht (ft&oEQff 

*Tlf*£* fcE**T»f J§*» ttflEHU 5 0 0 OmP a • sttT 

TitiiW* L< v 100 OmP a • s J*TT**£ kifi* U». 
[0 0 6 9] 

* **** k «St * T»ER4btt#ffiO«f biimo#«SMb:*Vh 8 v» c i ri^-ST* 
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(12) 



JP 2004-109927 A 2004.4.8 



[ 0 0 7 0 ] 

Ja±«tMK*fc» *SBefbttttffiottEli, 10 - 2000m Pa • s ©«ffl-C*i £ «t 
i)'tfH<v 20-lOOOmPa-s OWfflT^a Z k ifi* *) &t L < , 3 0-500 
mPa • so!SST~&4l->£*:» 5 ?S>Kltf2 lv, <SU »ad*f*ffl^T€<btt»lfi'i>tt 
&*f&TS ^b L fcfc fcfctt«Stfb:4<** < , sfrlBOJ: o 

[0 0 7 1] 

£ti, ir|£(7>j: 37 1 &««ftttM«>Vfc*«>JBffi¥tt* * 9 y Kfc **1UI£7 

. 0 2Wlti«it!0 ? !f!L.<, 0. 0 5l&±-c*>*z.k#X *)tRi l'/> 0 L*U S 
*bttflM8£?&*teO]i5t»7 f JBIf^ 1.50 frS^* W£W.:J&, ©-ft 

ttWBoffiWttl. 5 2J3llt<fe«:i» i SHL<, 1. 5 5 Ja±-C**£i#J: 
& 

[0 0 7 2] 
[0 0 7 3] 

ieo**ft*«H (0. l--2 0 0 Pa«S) t«iH*IH.^ 0 

7-CR5 1 1 «j > * * w itffliraittettn t ««■*■*-« ^ v> t sbji l * •? r* c i <> 

[0 0 7 4] 

*S6H^ J: *K fc*>lP*tt»tx l£l«P£®fliA.;feP£ L£»-£K 

t>d 4 3 Tftmrnmrnzittm ^diatjp 4 1 LT&fe*6 u 

[0 0 7 5] 

) ©fill l>>o 
[0 0 7 6] 

4fc, ra«t;»KA3tJP^e>3Tffla<t14ttffi«r**L^ft, WliA*P**lfflLT»A 
[0 0 7 7] 

- j§A * * fcWfbtMMBI t ? XS - 

«A**fc«fbfciare*«iT:3-£*fcwu «mi&?>7\ *h«led, uvm&jss^ 
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(13) JP 2004-109927 A 2004.4.8 

[0 0 7 8] 
[0 0 7 9] 

[0 0 8 0] 

iL<lil. 5 2&*)'^$ < •f&ZtWM.S. Ia^ 0 Kler.)IS9r*5i-Hi!ie.7^ 
[0 0 8 1] 

-MMi»oT-ftfc»K L , «R»O»J*»0 t *lj{ll*»*T* i fc J: *) Ufr+Kmm 
[0 0 8 2] 

fltMA9K9-ro 13 5 (1) SCF (2) {iHgeoftltt^, 13 5 (4) Hi 0 s (5) ii«e 
MteWm<n&\xm-?&Z>o 05 (3) «J:?c, 3 7^uffl^t*fi 

91 0a*ttat 1 0*ffl^"Cf*»L^ai 2<7>, *7v K*tttaf#?**liii:R 

4 mmxiin) *H*J\ 05 (5) fcjj?1-Jt^fc, ££a--&3Tffl«fbtt*M8l 6*£ 
*U 111 3*>«WLfcW«l 1 3 a (MtbftSJ K«ffctt«HB 1 6 *flJ3tl *> 

[0 0 8 3] 

±ie**U £ *> ************ #fcl&«0&&&cm&fMcOfc£U 
isf^^^SM^W'Cafe&o TSfr^if&co^&tJiu 13 5 (6) k^t£?K, A 

flifc#v», Tfm&it do ffiftKeoMr&RCW&fc LTJM^eo^fc 

^SHB**mt*fe*Krts ®5 (7) ^tiic te£.;fttftt&«>{fc1I'CS>ISK <>l. 

[0 0 8 4] 40 

-CBS l v .-?>pn-iamK?eo -c *m V- > if v - * ^-c-jt tens?-*-* i t k jc 19 , ®pi 

[0 0 8 5] 

T *> , C H h £ ftV L £ * * itiOlSfi, £: ftjft i: * o ^-IlKf&o TN 
v > ^ v - T— ft k ® ftr •& i i U «t •) , lEflW Kft* * 1 Tit 73 j bt^ fc 4 *K 

[0 0 8 6] 50 
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(14) IP ?004-1099?7 A 2004.4.8 

tf SBH-Mfc Si o tz W Ji, *V v > ^ V - tfli i^TSft UfT ^ £ fc *«"C * * « ? 
» «DV#ftJ: L"Cli£ ttfcWRS ft 
[0 0 8 7] 

W±&XfcJt}£. *aWtJtft«f, ttlfc&#£fcJt>K f&r?* h?il*na*>4>frnfc 

<t» CTCIItf fl*K * * WT* WW I T 41 Ifi) ± S ** £ * #r * & 
°[0 0 8 8] 

i ) 

S i (SS 6 4 >*> oSBU^ W 1ft u ■ v* h (S U- 8 ^Og^a^ (ft) 

MUfl^fKLK, 1 2 o'er*** N^- 9 L, a-ttttwasu* 

. fl3fcjj**,M** #JK»o*6jftt»jSli^lBl-ia«±t*»Jf-7**«ti:*ori.»4 
» »(SiS<7>if@ff^ ? 5 0 ^ mfla]E$$, 5MOu&Ofi*tgE?>;g?t;s:.&7. 5mmf* 

i), tttnc 2 5 o m^wwrJ^T^** * a 5 ^s/^rvfl-oftttBtt 2 o o n m ™ 

, ftSlifrttftwaTS&fttffii/^^&JllU, 19- 75mm, 2 0. 0 0mm, 20. 
2 5 mm, 2 0. 5 0 mmT$ o £o 
[0 0 8 9] 

C<7>&«KgfS28U ur> ^^**>*Jfe*Lfctt, *flMk14*'J o*-* 
y (PDMS) (SYLGARD184 :^3v-^/7v7}t|{! 

u&*» i 2 ocr-3 oaHSPi»i-*£*raKis3-*fc», sssur, iwsBWiB**!^^ 

OttjItR WA^ft-fH-SajJ^WttrsafV*!! l mmO t £ h V, H6 EH + 
■x^.Vf-(i2 0mM/m, *>ar«Ktt4 5" » -*W|Itt3 it 0 . 0 5 ? mt 
[0 0 9 0] 

z.n^mm^7jnk u£ 0 c^tii, ^^^g^^f-*?*?*^^ 
i«3-@«?7c§^r- h>7-< jwa (j sr (i*) mm: 1 s s^m, mw. 1 

.5 1) *Sfl*S*fci£** H*li*#Lfco 
[0 0 9 1] 

Z<t>ftmx\ PDMSO*flO«»JI^*PK» ttflM<2 0 0mPa • s *>^tf *>ifc«*1- « 

MSfbttitn (ntt -ATttfi) ^i^titci-jt, MttMftisMfrmA 

tlRlC^r, *o$fci»rt«PDMS*8HtLfc»Bi Ufcfc" >»ft*#AUr, WfflXa 

p^^*?ft^#flB*ma ; iitfiiai77^*-'bii^aiu^o s-fc, .-fioe^j&iLfiOji*^^ 

&t£PDMS^i?l!Ol?*$]^I££fr-er, ^Sc0l?**-jb5 O^m^Ctg^^: 
EflttOK^aPfl- OttHf ftlt 5 /< m KIT i #M S ft *o 

[0 0 9 2] 50 
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(15) IP 2004-109927 A 2004.4.8 

±f£:|£&t\ OmW/c m* tf>U V3fc*«SP DM S$lS*ii IT 1 OfcMflMt 

LTl»E*^flHfct«HlB*Bft*tf, *^?PDMS*>*S*«*L*:ic:*, T— h 

.1.54 T^o/wo 
[0 0 9 3] 

±E7- h>7< *A03 7»»*iEfc, JBttWiWET- h^7-f .n./v tRic. 

1. 5 1 -r^^X^dfiefCffrii (WTT-ATtti) *lfc*U ?f>K^S®C7-F 
> 7 f * A **fcfctt, %&ft 5 0 mW/ cm' «> U V ** 1 0 fl-WURSt L'C Eft 3 
Rip 5 0// mtf>? 7 v K.l l-fco 

[0 0 9 4] io 

*Lfc. ft£, ±ESMfti* r W -»/V- (f-f ^attft) tffl^, 0I5&2 0 0 0 0 r 
priK i§fii&S 2 mm/s e cO£ft-Cfr -:>£<, £oSj3^*#»RttiBS&«>flfJ|f 

r^i:i*, frl&co/5^-teWt l 0%JSlT"e&o/t:o 
[0 0 9 5] 

c^argMHatflv #«LT^fci«>4*«>#tt»T*oT, H 2 Cspl* J: $ ft. » 
5&^i:»^-t7)^-i£^±tft& ^W^jtoT^, 4»iftKolE 9 1 0 Omm 
T\ 2 5 0 n m ^ ? A,T'i<> £ 0 
[0 0 9 6] 

SajfrJfe#Lrt:8U lt?ffli/»*:PDMS»li**La^jCfo 1 2 0tt3 OjtffflSfl 

[0 0 9 7] 

BOWft^ttAaWA^tH-Sto^^WlTiv*! 1 mm?> t c * T% DUE 19 
i, *r?x£tic|liBeJt£?- v ? ^8 4l?t#ET- Y>-74 £i£ ftfe $ -£ t C * , 
[0 0 9 8] 

±ep dm s *>mm<r>®m\t!UK%mw i 1 fflttrcs&itt&fttHtt 

ht?- iiUot, »*n»«<t14»K*«IIIBA.t3a*-&ffiKIHSIiU^ffltf t 
tfBttfcSM^il^ttl,*:. ft*v *Ofl?A**tJU P DM SO&MOJ? 40 

[0 0 9 9] 

±SEtt*T» 3t»gE5 OmW/cm' «U V***EP DM SOjtSfrii LT 1 OdnJR 
*tLTttB*J**«ft14#**BftS** *^VPDMS<&Slfffl*»*LfciC*H T- 

1. 5 4 T&ofco 
[0 10 0] 

1. 5 1 T?***n«efk»HI (J SRtiSJ frfctfLfc&> *»«5 0mW/cm J O » 
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(16) JP 2004-1099Z7 A 20M.4.8 

UV** 1 O0H!UtLTfiMI:3*, KB 5 0txm<r>9?y KBH&JftLfco 
[0 10 1] 

5 * ? ft* * 5 ? F£**H*fc«JW+* £ t K Jt IJ , 7 v- 7*4 

0. 4 5-0. 5dB/cm?*ofc. 

[0 10 2] 

(3USt?!i 3 ) 

*Di«2i:j3K, B 1 i U»B«>-tgtetfBA*P***tf\ *M«>«ftAKtti 

2 i Fl* L "C 7 W v 7* A- * » L o 

4 £> I^AVttROlXS^tt, 0. 35-0. 38dB/c ffltibofc. 
[0103] 
4 ) 

Kt J Ffi4*filH4 OK* SiS4*Rlt0. 2,tt44*P!iy s i c a I Optic 
s Coroorat ionttiLSDv-M *#*L;fcfiJlWi*ttffll 1 fcFIHffcLT 
7 L' * v 7 */* A fr*ft**R * flS» L o 

:««H*«KBK ov»r» ftttA-roftffcft tB£ Ut t c * * jfrteo^9-tt»i 2 

[0104] 
[SS93©fc£l 

[BBotfJiLfrKti] 

[Si] *SWt*»J*«<t1l«»]IB*«*^^©-W*»aJifl^&afcIiiIH'C** 30 
*[B 2 ] *£B K g ft 4 Bffc14M*«W«>tt»«>tt«>-« *8S-tfl AfcEBBT 
[B 3 1 taftttBBJEllWottScBo-WfrBfiiB^^JifcjEBB-C 
[B4] 5 4r^^^»*lltt****?ALfcttBt*i , *a±«7J^SjtjEiBB-C**» 

[B 5 1 A fr***fcB«*JiiB« -« **T B-e* 4 o 
1, 13 

2 n7g|i w 
3,14 JHtQ (MA. AO) 

4 s,*->>rSB# 

5 tfiBB (Pl-fiB) 

6 ttttk* 
1 0 M 
1 2 S 

15 KM 
1 6 fiHtttffiTB 

l? mmwL&Lmi 

18 * 7 ? KB 50 
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